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JEFF  RABIN* 

U.S.  Arm^  Atmmtdical  fitstarch  LMbofalOfy,  Fort  fiuclae,  Mabama 


ABSTRACT 

vision  gogglos  (NVG’t)  ars  bsing  uasd  ineroas* 
toigly  in  miUtary  and  dvMan  anvifonmanta.  Daapita  tha 
uaa  of  thoao  dovleos,  wlativaly  low  fasts  axial  to  aa- 
aaaa  visual  parformanea  through  NVG’a.  Hyparaetdty 
tasks  may  provida  a  sanailiva  kidax  of  parformanea 
through  nii^  vision  davieaa.  In  this  study,  grating  var- 
niar  acuity  was  maaaurad  through  NVG’s.  As  roportad 
provlously,  a  powar  law  rotation  vrna  obaarvad  batwaan 
vamiar  acuity  and  atknulua  contrast  Comparison  of 
vamiar  acuity  tailh  and  withoul  NVG's  Indteatad  that 
parformanea  is  Hmitod  by  tha  contrast  tranafar  of  tha 
daviea.  Vamiar  acuity  maaauramants  can  ba  uaad  to 
aaaass  tha  quality  of  vision  and  quantily  of  contrast 
tranafOrrad  through  night  vision  davieaa. 

Kay  Words:  night  vMon  gogglaa.  bnaga  kitsnsifiara, 
vamiar  acuity,  contrast  sansNivity 


Militaiy  operations  are  often  conducted  at  ni|^t 
or  under  conditions  of  limited  visibility.  These  op' 
erations  require  high  levels  of  performance  in  en* 
vironments  lacking  sufficient  ambient  illumination 
to  support  normal  visual  function.  Image  intensi¬ 
fying  devices  [n4d>t  vision  goggles  (NVG’s)]  am¬ 
plify  ambient  illumination,  making  performance 
possible  under  extreme  and  limited  conditions.  De¬ 
spite  their  usefulness  NVG’s  present  a  view  of  the 
world  that  is  isochromatic  and  lacking  in  contrast 
and  detail.  It  is  essential  to  understand  factors 
which  limit  vision  through  NVG’s  so  that  perform¬ 
ance  can  be  anticipated  under  various  conditions. 

Several  techniques  have  been  used  to  assess  vis¬ 
ual  performance  of  NVG’s  such  as  visual  acuity, 
contrast  sensitivity,  and  stereopsis.*~*  Another  ap¬ 
proach  for  evaluating  vision  through  NVG’s  is  ver¬ 
nier  acuity — the  precision  with  which  two  targets 
can  he  aligned.  Like  stereopsis,  vernier  acuity  is  a 
type  of  "hyperacuity’’  because,  under  optimal  con¬ 
ations,  it  is  better  than  the  acuity  predicted  from 
the  separation  between  photoreceptors.*  Research 
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has  shown  that  vernier  acuity  depends  on  stimulus 
contrast.***  Because  NVG  display  contrast  is  diffi¬ 
cult  to  measure  and  varies  with  ambient  conditions, 
evaluation  of  the  contrast  dependency  of  vernier 
acuity  offers  an  acljunctive  approach  for  assessing 
the  effective  contrast  to  the  ol^rver. 

In  the  present  study,  vernier  acuity  was  measured 
through  third-generation  NVG’s.  The  red  phosphor 
of  a  color  monitor  was  used  to  stimulate  the  NVG’s 
which  have  peak  spectral  sensitivity  in  the  near 
infrared.  Vernier  acuity  was  assessed  over  a  range 
of  stimulus  contrasts  to  characterize  the  contrast 
dependency  of  the  response.  Measurements  were 
alro  obtained  without  the  NVG,  but  at  the  same 
display  luminance  to  estimate  contrast  transfer 
through  the  device. 

METHODS 

The  stimulus  for  testing  NVG’s  was  generated 
on  a  high-resolution  color  monitor.  Only  the  red 
gun  of  ^e  phosphor  was  used  to  limit  the  spectral 
composition  of  the  stimulus  to  the  spectral  range 
of  NVG’s.  Although  NVG’s  have  peak  sensitivity 
in  the  near  infrared  (750  nm),  little  infrared  radia¬ 
tion  is  emitted  by  the  red  gun  so  its  output  between 
600  to  720  nm  forms  the  primary  stimulus.  Because 
the  shape  of  the  phosphor  spectral  outyut  function 
remains  constant  with  software-controUed  changes 
in  monitor  intensity,  it  was  possible  to  introduce 
accurate  changes  in  contrast  to  the  NVG  1^  varying 
the  red  gun  intensity  in  known  steps.  Neutral  den¬ 
sity  (ND)  filters  were  used  to  reduce  the  overall 
monitor  luminance  to  a  value  estimated  to  be  be¬ 
tween  one-quarter  moon  and  starlight  conditions.** 
This  level  was  used  because  it  corresponds  to  a 
moderate  level  of  stimulation  to  NVG’s  and  is  below 
the  intensity  level  which  activates  the  NVG  auto¬ 
matic  bri^tness  control.  This  made  it  possible  to 
test  at  an  extended  viewing  distance  without  any 
change  in  display  luminance  imposed  by  the  bright¬ 
ness  control. 

The  stimulus  for  vernier  acuity  was  a  1.4*  circular 
patch  of  vertical,  square-wave  grating  with  a  spatial 
frequency  of  6  surrounded  by  a  uniform  field  of 
the  same  mean  luminance.  This  spatial  frequency 
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i*M  choMB  bcetmt  it  it  Mtocittad  iHth  good  v«r- 
nkr  andty*  and  it  within  tht  tpatial  btnchMia  of 
tht  NVG  for  tht  Ujdtt  tevti  uitd.*  In  addition,  the 
qMttial  frtq«iancy  wat  hi|^  enou^  to  make  the 
dfKta  of  hi^r  hannonict  in  the  tquan-wave 
atimuhit  n^digible.  The  half  of  the  grating  wet 
filed  in  qmtiai  phate;  the  horizontal  poeition  of  the 
bottom  half  wat  adjuttable  in  pixel  ttept  by  key¬ 
board  controL  The  subject  viewed  the  grating  mo- 
noculariy  with  the  rig^t  eye  at  a  distance  of  4.8  m. 
The  meAod  of  adjustment  was  used  in  which  the 
nihgect  dq>ret8ed  keyboard  buttons  to  shift  the 
bo^m  half  of  the  grating  left  or  right  until  it 
appMied  aligned  with  the  half.  After  3  min  of 
adaptation  to  the  mean  luminance  of  the  NVG 
display,  10  alignment  settings  were  made  at  each  of 
5  l^helson  contrasts  ranging  from  4  to  66%  in  0.3 
log  unit  steps.  The  contrasts  were  presented  in 
ascending  order  to  reduce  successive  adaptation 
eflects.  For  each  contrast  the  standard  deviation  of 
10  settings  was  used  as  the  vernier  threshold. 

In  separate  sessions,  measurements  were  ob¬ 
tained  from  the  same  subjects  with  a  simulation  of 
the  NVG  display,  llie  same  grating  stimulus  was 
used,  but  modulated  in  contrast  using  the  green 
gun  of  the  monitor  to  simulate  the  green  phosphor 
(P20)  of  the  NVG  diqilay.  ND  filters  were  us^  to 
reduce  the  monitor  luminance  to  the  NVG  display 
hifflinance  used  in  tiiis  study  (0.4  ft-L).  The  same 
procedures  were  used  as  d^ribed  for  the  NVG 
measurements  to  obtain  vernier  thresholds  for  each 
of  the  five  grating  contrasts. 

five  sul^ects  participated  in  this  study.  Each 
subject  was  male,  21  to  22  years  of  age,  and  had  no 
refractive  error  with  visual  acuities  of  6/6  (20/20). 

RESULTS 

Fig.  1  shows  mean  (±1  SE)  vernier  acuity  from 
five  subjects  plotted  against  stimulus  contrast  for 
NVG  and  simulated  ^G  conditions.  Hie  NVG 
test  was  conducted  through  the  device,  whereas  the 
simulation  indicates  performance  without  the  de¬ 
vice,  but  at  the  same  display  luminance  and  color. 
In  both  viewing  conditions,  vernier  acuity  improved 
with  stimulus  contrast  Althou^  diqilay  luminance 
and  color  were  the  same  in  the  two  conditions, 
vernier  acuity  was  consistently  reduced  when  view- 
i^  through  NVG’s  (mean  decmment  •  2.7x).  This 
difference  between  NVG  and  simulated  conditions, 
and  the  inprovement  in  vernier  acui^  with  con¬ 
trast  were  statistically  significant  effects  (Friedman 
taro-way  analysis  of  variance;  x*  *  8.0,  p  <  0.005). 

Previous  stiidies  rqwfted  a  power  law  relation 
between  vernier  acuity  and  contrast*^  The  results 
shown  in  Hg.  la  are  also  best  described  by  poarer 
law  ftinctions  with  exponents  of  -0.81  for  the  NVG 
condition  (r*  »  0.92),  and  -0.73  for  the  simulated 
condition  (r*  «  0.93).  These  values  are  compa^le 
to  thoM  reported  in  previous  studies,  and  indicate 
that  a  lO-fold  reduction  in  contrast  arill  produce  a 
5  to  7x  reduction  in  vernier  pofformance  through 
NVG’s. 
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Figufe  1.  Mean  (±1  SE)  vernier  thresholds  from  five 
siAjects  are  plotted  against  stimulus  contrast  for  NVG  arxl 
simuiated-NVG  condMons  (a).  The  same  data  are  plotted 
In  (b),  but  corrected  for  the  deference  in  contrast  thresh¬ 
olds.  This  was  done  by  shifting  the  NVG  data  leftward 
along  the  contrast  axis  by  a  factor  of  3.4x— the  ratio  of 
NVG/simulation  detection  thresholds. 

The  fact  that  vernier  acuity  was  2  to  3x  better 
in  the  simulated  condition  indicates  that  perform¬ 
ance  through  the  NVG  was  limited  by  electro- 
optical  properties  of  the  device.  This  limitation 
c^d  not  be  attributed  to  the  luminance  or  color  of 
the  (^lay  because  they  were  matched  in  the  two 
conditions.  It  is  also  unlikely  that  resolution  limited 
performance  because  the  spatial  frequency  used  was 
lower  than  the  resolution  limit  of  both  the  NVG 
and  the  human  visual  system.  It  is  more  likely  that 
the  effective  contrast  to  the  observer  was  atten¬ 
uated  through  the  NVG,  perhaps  because  of  the 
addition  of  electro-optical  noise.  O>rrection  for  this 
contrast  reduction  ^ould  lessen  the  difference  in 
vernier  acuity  between  NVG  and  simulated-NVG 
conditions.  Fig.  lb  shows  mean  vernier  acuities 
corrected  for  &e  difference  in  contrast  threshold 
with  and  without  the  NVG.  All  values  conform  to 
a  common  function  when  corrected  for  this  contrast 
difference — a  factor  of  3.4x.  Recent  studies  have 
also  shown  that  differences  in  vernier  acuity  across 
mechanisms  (e.g.,  luminance  vs.  color)  diminish 
when  contrast  is  s^ed  relative  to  detection  thresh¬ 
old.*’  These  findings  underscore  the  fundamental 
importance  of  system  modulation  transfer  func¬ 
tions  for  explain^  and  predicting  visual  perform¬ 
ance. 

DISCUSSION 

This  study  quantified  vernier  performance 
through  NVG’s.  As  shown  in  previous  studies,*^  a 
power  law  relation  was  observed  between  vernier 
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acuity  and  stimulus  contrast  The  exponent  of  this 
relation  (-0.8)  was  about  the  same  as  that  reported 
by  Bradley  and  Skottun*  using  a  similar  grating 
stimulus.  The  dependency  of  vernier  acuity  on  con¬ 
trast  indicates  that  stimulus  conditions  or  device 
factors  which  reduce  contrast  through  NVG’s  will 
impair  vernier  alignment  performance  (e.g.,  target¬ 
ing  tasks).  Design  features  which  mitigate  against 
contrast  loss  are  essential  for  optimal  alignment 
performance  through  NVG’s. 

A  comparison  of  vernier  acuity  through  NVG’s 
to  measurements  obtained  without  the  device  but 
at  the  same  luminance  and  color  revealed  substan¬ 
tial  differences  iu  vernier  acuity.  Vernier  thresholds 
through  NVG’s  were  an  average  of  2  to  3x  higher 
than  values  obtained  under  comparable  conditions 
of  luminance  and  chromaticity.  This  reduction  in 
vernier  acuity  could  not  be  attributed  to  the  bright¬ 
ness,  color,  or  resolution  of  the  NVG  display,  but 
could  be  explained  by  the  difference  in  contrast 
sensitivity  with  and  without  the  NVG.  The  differ¬ 
ence  in  vernier  performance  between  real  and  sim¬ 
ulated  conditions  was  essentially  eliminated  by  cor¬ 
recting  stimulus  contrast  for  threshold  differences 
with  and  without  the  NVG  device. 

Current  military  standards  for  image  intensifiers 
include  requirements  for  resolution,  gain,  and  dis¬ 
tortion.  Vernier  acuity  offers  an  additiorial  metric 
for  grading  the  quality  and  quantity  of  vision 
through  NVG’s.  Subtle  ^tortion  or  contrast  atten¬ 
uation  which  may  elude  detection  by  standard  tech¬ 
niques  could  reduce  vernier  acuity  through  NVG’s. 
This  approach  will  prove  useful  in  the  future  as¬ 
sessment  of  night  vision  devices. 
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Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Commander 

Naval  Air  Development  Center 
ATTN:  Code602-B 
Warminster,  PA  18974 

Cotmnanding  Officer 

Armstrong  Laboratory 

Wright-Patterson 

Air  Force  Base,  OH  45433-6573 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 

Conunander/Director 
U.S.  Army  Combat  Surveillance 
and  Target  Acquisition  Lab 
ATTN:  SFAE-IEW-JS 
Fort  Monmouth,  NJ  07703-5305 
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Director 

Federal  Aviation  Administration 
FAA  Technical  Center 
Atlantic  City,  NJ  08405 

Commander,  U.S.  Army  Test 
and  Evaluation  Command 
ATTN:  AMSTE-AD-H 
Aberdeen  Proving  Groimd,  MD  21005 

Naval  Air  Systems  Command 
Technical  Air  Library  950D 
Room  278,  Jefferson  Plaza  n 
Department  of  the  Navy 
Washington,  DC  20361 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander 

USAMRDALC 

ATTN:  SGRD-RMS 

Fort  Detrick,  Frederick,  MD  21702-5012 

Director 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307-5100 

HQ  DA  (DASG-PSP-O) 

5109  Leesburg  Pike 
Falls  Church,  VA  22041-3258 


Harry  Diamond  Laboratories 
ATTN:  Technical  Information  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

U.S.  Army  Materiel  Systems 
Analysis  Agency 

ATTN:  AMXSY-PA  (Reports  Processing) 
Aberdeen  Proving  Ground 
MD  21005-5071 

U.S.  Army  Ordnance  Center 
and  School  Library 
Simpson  Hall,  Building  3071 
Aberdeen  Proving  Ground,  MD  21005 

U.S.  Army  Environmental 
Hygiene  Agency 
ATTN:  HSHB-MO-A 
Aberdeen  Proving  Ground,  MD  21010 

Technical  Library  Chemical  Research 
and  Development  Center 
Aberdeen  Proving  Ground,  MD 
21010-5423 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Infectious  Disease 
ATTN:  SGRD-UIZ-C 
Fort  Detrick,  Frederick,  MD  21702 

Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  ^17 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-XS 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


s 


Commandant 
U.S.  Army  Aviation 
Logistics  School  ATTN:  ATSQ-TDN 
Fort  Eustis,  VA  23604 

Headquarters  (ATMD) 

U.S.  Army  Training 
and  Doctrine  Command 
ATTN:  ATBO-M 
Fort  Monroe,  VA  23651 

lAF  Liaison  Officer  for  Safety 
USAF  Safety  Agency/SEFF 
9750  Avenue  G,  SE 
Kirtland  Air  Force  Base 
NM  87117-5671 

Naval  Aerospace  Medical 
Institute  Library 
Building  1953,  Code  03L 
Pensacola,  FL  32508-5600 

Command  Surgeon 
HQ  USCENTCOM  (CCSG) 

U.S.  Central  Command 
MacDill  Air  Force  Base,  FL  33608 

Air  University  library 
(AUL/LSE) 

Maxwell  Air  Force  Base,  AL  36112 

U.S.  Air  Force  Institute 
of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson 
Air  Force  Base,  OH  45433 

Henry  L.  Taylor 
Director,  Institute  of  Aviation 
University  of  Illinois-Willard  Airport 
Savoy,  EL  61874 


Chief,  National  Guard  Bureau 
ATTN:  NGB-ARS 
Arlington  Hall  Station 
111  South  George  Mason  Drive 
Arlington,  VA  22204-1382 

Commander 

U.S.  Army  Aviation  and  Troop  Command 
ATTN:  SGRD-UAX-AL 
4300  Goodfellow  Blvd.,  Building  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  and  Troop  Conunand 
Library  and  Information  Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Federal  Aviation  Administration 
Dvil  Aeromedical  Institute 
Library  AAM-400A 
P.O.  Box  25082 
Oklahoma  Qty,  OK  73125 

Commander 

U.S.  Army  Medical  Department 
and  School 
ATTN:  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute  of  Surgical  Research 

ATTN:  SGRD-USM 

Fort  Sam  Houston,  TX  78234-6200 

AAMRL/HEX 

Wright-Patterson 

Air  Force  Base,  OH  45433 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  0.  Box  28510 

San  Antonio,  TX  78284 


c 


Product  Manager 
Aviation  life  Support  Equipment 
ATTN:  AMCPM-ALSE 
4300  Goodfellow  Boulevard 
St  Louis,  MO  63120-1798 

Commander  and  Director 

USAE  Waterways  Experiment  Station 

ATTN:  CEWES-IM-MI-R, 

CD  Department 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6199 

Commanding  Officer 
Naval  Biodynamics  Laboratory 
P.O.  Box  24907 
New  Orleans,  LA  70189-0407 

Assistant  Commandant 
U.S.  Army  Field  ArtHleiy  School 
ATTN:  Morris  Swott  Technical  Library 
Fort  Sill,  OK  73503-0312 

Mr.  Peter  Seib 

Human  Engineering  Crew  Station 
Box  266 

Westland  Helicopters  Limited 
Yeovil,  Somerset  BA20  2YB  UK 

U.S.  Army  Dugway  Proving  Ground 
Technical  Library,  Building  5330 
Dugway,  UT  840^ 

U.S.  Army  Yuma  Proving  Ground 
Tedinical  Library 
Yuma,AZ  85364 

AFFTC  Technical  Library 
6510TW/TSTL 
Edwards  Air  Force  Base, 

CA  93523-5000 


Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Aeromechanics  Laboratory 
U.S.  Army  Research  and  Technical  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA  94129 
Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

Strughold  Aeromedical  Library 

Document  Service  Section 

2511  Kermedy  Circle 

Brooks  Air  Force  Base,  TX  78235-5122 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  use 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 
ATTN:  STEWS-IM-ST 
White  Sands  Missile  Range,  NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  lib)  Stop  217 
Edwards  Air  Force  Base,  CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  262-3 

Moffett  Field,  CA  94035 
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Commander 

USAMRDALC 

ATTN:  SGRD-UMZ 

Fort  Detrick,  Frederick,  MD  21702-5009 

Commander 

U.S.  Army  Health  Services  Command 

ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 

U.  S.  Army  Research  Institute 
Aviation  R&D  Activity 
ATTN:  PERI-IR 
Fort  Rucker,  AL  36362 

Conunander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-P 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Commander 

USAMRDALC 

ATTN:  SGRD-PLC  (COL  R.  Gifford) 
Fort  Detrick,  Frederick,  MD  21702 

TRADOC  Aviation  LO 
Unit  21551,  Box  A-209-A 
APO  AE  09777 

Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


Italian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Directorate  of  Training  Development 

Building  502 

Fort  Rucker,  AL  36362 

Chief 

USAHEL/USAAVNC  Field  Office 
P.  O.  Box  716 

Fort  Rucker,  AL  36362-5349 

Conunander,  U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-CG 
Fort  Rucker,  AL  36362 

Chief 

Test  &  Evaluation  Coordinating  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Canadian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

French  Army  Liaison  Office 
USAAVNC  (Building  602) 

Fort  Rucker,  AL  36362-5021 

Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 


s 


Commandant,  Royal  Air  Force 
Institute  of  Aviation  Medicine 
Famborough,  Hampshire  GU14  6SZ  UK 

Defense  Technical  Information 
Cameron  Station,  Building  S 
Alexandra,  VA  ^04-6145 

Commander,  U.S.  Army  Foreign  Science 
and  Technology  Center 
AIFRTA  (Davis) 

220  7th  Street, 

Charlottesville,  VA  22901-5396 
Commander 

Applied  Technology  Laboratory 
USARTUATCOM 
ATTN:  library.  Building  401 
Fort  Eustis,  VA  23604 

Commander,  U.S.  Air  Force 
Development  Test  Center 
101  West  D  Avenue,  Suite  117 
Eglin  Air  Force  Base,  FL  32542-5495 

Aviation  Medicine  Qinic 
TMC  #22,  SAAF 
Fort  Bragg,  NC  28305 

Dr.  H.  Dix  Christensen 
Bio-Medical  Science  Building,  Room  753 
Post  Office  Box  26901 
Oklahoma  City,  OK  73190 

Commander,  U.S.  Army  Missile 
Command 

Redstone  Scientific  Information  Center 
ATTN:  AMSMI-RD-CS-R 
/ILL  Documents 
Redstone  Arsenal,  AL  35898 


Director 

Army  Persormel  Research  Establishment 
Famborough,  Hants  GUM  6SZ  UK 

U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 

Commander 

USAMRDALC 

ATTN:  SGRD-ZC  (COL  John  F.  Glenn) 
Fort  Detrick,  Frederick,  MD  21702-5012 

Dr.  Eugene  S.  Charming 
166  Baughman’s  Lane 
Frederick,  MD  21702-4083 

U.S.  Army  Medical  Department 
and  School 

USAMRDALC  Liaison 

ATTN:  HSMC-FR 

Fort  Sam  Houston,  TX  78234 

Dr.  A.  Komfield,  President 
Biosearch  Company 
3016  Revere  Road 
Drexel  Hill,  PA  29026 

NVESD 

AMSEL-RD-NV-ASID-PST 
(Attn:  Trang  Bui) 

10221  Burbeck  Road 
Fort  Belvior,  VA  22060-5806 

CA  Av  Med 
HQ  DAAC 
Middle  Wallop 

Stockbridge,  Hants  S020  8DY  UK 
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Dr.  CSiristme  Schliditiiig 
Behavioral  Sdenoes  Department 
Box  900,  NAVUBASE  NLON 
Groton,  CT  06349-5900 

Commander,  HQ  AAC/SGPA 
Aerospace  Medicine  Branch 
162  Dodd  Boulevard,  Suite  100 
Langley  Air  Force  Base, 

VA  23665-1995 

Commander 

Aviation  Applied  Technology  Directorate 
ATTN:  AMSAT-R-T 
Fort  Eustis,  VA  23604-5577 


Director 

Aviation  Research,  Development 
and  Engineering  Center 
ATTN:  AMSAT-R-Z 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120-1798 

Commander 

USAMRDALC 

ATTN:  SGRD-ZB  (COL  C.  Fred  Tyner) 
Fort  Detrick,  Frederick,  MD  21702-5012 

Director 

Directorate  of  Combat  Developments 

ATTN:  ATZQ-CD 

Building  515 

Fort  Rucker,  AL  36362 
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